The connection between genes and health outcomes is significantly moderated by social factors. Health inequalities result from the differential accumulation of exposures and resource access rooted in class-based circumstances. In the neoliberal era in the United States, changed physical and socioeconomic conditions facing the poorer members of society have been characterized as traumatogenic (capable of producing a wound or injury). This paper will argue that research that points to the transgenerational influence of environmental impacts on health suggests 2 important reconsiderations of the link between the economy and health. First, an understanding of the health of any society requires an understanding not only of current but also past environmental conditions and the economy that produces those conditions. Second, it suggests that the way in which economic policy is analyzed needs to be reconsidered to incorporate the transgenerational impacts of environmental conditions produced by those policies.
only of rare diseases but also common multifactorial conditions like cancer, depression, and heart disease. If one adheres to this view of ill health (which would seem to suggest that the people of New Jersey have a different genetic makeup from the rest of the population), once the genetic code is deciphered, scientists can find the cause of, and cure for, every disease. Unfortunately, for the genetic determinists, subsequent research has found that genes cannot bear full responsibility.
In this article, we argue that the ''nature'' pathway of economic and health outcomes needs to be reconsidered in light of research that points to the transgenerational influence of the political economy on health. The article is organized as follows: The first section places this article within a political economy of health framework, connecting neoliberal political economy to economic conditions that have been shown to have adverse health impacts. The second section outlines evidence that suggests that what had previously been thought of as the genetic or ''nature'' pathway for health outcomes needs to be reconsidered. This evidence suggests that political economic conditions impact the ''nature'' pathway in one generation and can be passed down through generations. Therefore, an understanding of even the ''nature'' pathway for the health of any society requires an understanding not only of current but also past environmental conditions and the political economy that produces those conditions. The third section argues that the transgenerational impact of political economic conditions creates some problems with both the medical and lifestyle remedies for adverse health outcomes. Finally, the discussion section highlights 2 implications for economic policy from the transgenerational legacy of political economic conditions: the necessity of including these more lasting impacts in cost-benefit analysis and the strengthened case for policies that increase equality.
Political Economy and Health
''. . . Health inequalities result from the differential accumulation of exposures and experiences that have their sources in the material world. . . the effect of income inequality on health reflects a combination of negative exposures and lack of resources held by individuals, along with systematic underinvestment across a wide range of human, physical, health, and social infrastructure.'' 2 A long tradition argues that health outcomes are heavily influenced by people's working and living conditions. In The Condition of the Working Class in England, Friedrich Engels found that health conditions in the major cities had deteriorated as a result of industrialization. 3 More recently, the Social Determinants of Health (SDOH) approach continues in this tradition by arguing that social factors are strong predictors of health outcomes. Alvin Tarlov's early list of these social factors included housing, education, social acceptance, employment, and income. 4 A later, more exhaustive, list produced 14 social factors, adding determinants such as gender, race, disability, and food security. 5 According to the SDOH, unequal access to these factors contributes to inequality in health outcomes. This was nicely summarized in the WHO Commission on the Social Determinants of Health, which argued that health is shaped by the conditions in which ''people grow, work, live and age.'' 6 In a similar vein, scholars like Nancy Krieger propose a model of health-the ecosocial model-that attempts to encompass the interactions among behavior, medical factors, and social factors. 7 One of the key tenets of this model is that people ''literally embody their lived experience. '' 8(p215) While the ecosocial model acknowledges the connections between our ''inner and outer'' selves, it views ''the primary causal arrow as leading from societal conditions to health status. '' 8(pp215, 235) Rather than focusing on individual social determinants of health, it also attempts to discover ways in which social factors, behaviors, and biology interact to produce specific outcomes.
As the name suggests, the political economy approach uses the political and economic context to explain why people have unequal access to the SDOH. Economic, political, and social systems play an important role in both determining the environment in which people live and their ability to access the resources necessary to enjoy a healthy life. In the words of a leading textbook on international health, ''a political economy of health approach uncovers how personal, household, social, political, and economic conditions interrelate at various levels to produce particular health circumstances and outcomes. '' 9 This section is within this political economy tradition. It will first outline the connection between specific economic conditions and health outcomes, as is done in the SDOH. It will then analyze the particular political and economic context in the United States that has created health determinants that are so detrimental to much of the U.S. population.
Social Determinants of Health and Neoliberalism
The existing SDOH literature has connected several economic and social conditions to adverse health outcomes. The lower people are on the income spectrum, the worse their health, even in affluent nations. [10] [11] [12] Research has also found that people in economies in which income is more equally distributed live longer and have better health indicators. [13] [14] [15] The type of work people do also affects their health. In addition to the obvious impact of workplace fatalities, 16 people in jobs that are lower in the organizational hierarchy, 17 with little control or greater insecurity, have worse health indicators even after accounting for the classic behavioral factors. 18 Less-affluent members of the working class are also more likely to live in more environmentally degraded neighborhoods. 19, 20 Examining health gradients by neighborhoods is useful because it captures not only the individual health problems of low income, such as an improper diet and poor housing, but also the fact that low-income areas are subject to more communal problems, such as environmental hazards, poor physician access, and higher crime. Even in affluent countries, people from richer neighborhoods live longer and have better health indicators than those from poorer areas. [21] [22] [23] [24] The most obvious solution to the negative health impacts of low income would be higher incomes. In addition, many policy solutions would improve health outcomes by improving the environments in which low-income people live, including safe affordable housing, access to high-quality schools, better grocery stores and parks, and an environment free of harmful chemicals. 22 The SDOH approach argues that poor health is caused by factors such as low income, unequal income distribution, stressful work, and environmental hazards. The logical question must then be what causes these conditions to be aggravated or alleviated. The answer lies in understanding the structure of the political economy.
The current political economy context is shaped by the general logic of capitalism, in which business must constantly seek to create a set of rules that facilitate its profitability. However, there are specific varieties of political economy within this overarching logic in different regions and at different times. In the late 1970s, the profitability of U.S. firms had fallen considerably since its high-water mark after World War II. 25 The corporate world responded with a highly successful campaign to change the political and economic structure of the United States to correct for what it identified as the main drags on profits. 26 This broad transformation in economic policy has been termed neoliberalism. Although neoliberalism has been criticized as an imprecise term, frequently used but inconsistently defined, 27 David Harvey's early definition can be usefully applied. According to Harvey, neoliberalism is ''a theory of political economic practices that proposes that human well-being can best be advanced by liberating individual entrepreneurial freedoms and skills within an institutional framework characterized by strong private property rights, free markets, and free trade.'' 28 The role of the government is to create an institutional framework that supports these ideas, which was primarily implemented by creating a policy environment that facilitated profits by rolling back the social provisions and protections that the state put in place in the postwar period.
If low income, dangerous work environments, and environmental hazards contribute to poor health, the neoliberal policy package has exacerbated all of these factors.
In the post-1980 period, the labor market was tilted in favor of employers in order to restore profitability. As a result, the incomes of the richest have increased rapidly, while the majority of the population saw very limited gains, creating rising inequality. According to economists Thomas Piketty and Emmanuel Saez, between 1973 and 2000 the average income of the bottom 90% of U.S. taxpayers fell by 7%. Incomes of the top 1% rose by 148%, the top 0.1% by 343%, and the top 0.01% by an amazing 599%. 29 The income stagnation for most of the population came despite an increase in hours worked.
The average American worker put in 1,883 h a year in 2007, up 180 h a year from 1,703 in 1979. Further, the increase in hours worked is greater for lower income earners. The poorest 20% of income earners increased their hours by 22% during this period while the hours of the top 5% only increased by 7.6%. 30 Another way of visualizing this is to look at the growing gap between worker productivity (the value of output per hour of work) and average hourly compensation (which includes benefits as well as wages). Figure 1 shows that between 1950 and the mid-1970s these grew at the same pace. The gap between the value of what was being produced in an hour of work and hourly worker compensation started to grow in the 1980s. The implication is that the share of income being taken home by the labor force is declining during the neoliberal period. So income stagnation for the working population alongside dramatic increases for the very rich has come in spite of greater increases in time worked by lower income families.
Due to a weaker social safety net, workers in the United States also have greater economic insecurity than in similarly wealthy nations. Temporary Assistance for Needy Families (TANF), enacted in 1996 by the Clinton administration, is federal funding that is channeled through the states for social assistance. While permitting considerable latitude for states to determine their own eligibility requirements, the federal government insisted on some common, and quite punitive, rules for states to receive funding. Recipients were only eligible for a maximum of 5 years, recipients must work to be eligible for benefits, and TANF ended automatic Medicaid coverage. Only households that were in severe financial distress were eligible for TANF, although the precise criteria varied by state. The increased eligibility requirements of TANF compared to its predecessor, Assistance to Families with Dependent Children, have resulted in less people in poverty claiming benefits. In 1996, 68% of families in poverty received social assistance, but by 2013, only 26% did so. 31(p6) Benefit rates vary considerably by state but can be punishingly low. In California, a single parent with 2 children received $704 a month in 2016, but TANF benefits were $170 in Mississippi and $215 in Alabama for a family of 3.
31(p12) In 32 states, TANF rates provided an income that is less than 30% of the poverty threshold. 32 Of all the states, only Maryland and Wyoming have increased their TANF benefits since 1996 when adjusted for inflation. In all other states, benefit rates are lower, some considerably so. In 23 states, TANF benefits were more than 30% lower in 2016 than they were in 1996 in real terms. 31(p12) The meager social assistance in the United States means that the income floor for those out of work is lower in the United States than in other nations, which contributes to poverty and all of the health problems associated with it. It also reduces the bargaining power of low-wage workers, contributing to the inequality highlighted in the previous paragraph.
In their book, The American Health Care Paradox, Elizabeth Bradley and Lauren Taylor calculate that in 2005, the United States devoted only 29% of GDP to health and social services combined, while countries like Sweden, France, the Netherlands, Belgium, and Denmark dedicated 33% to 38%. Of this smaller amount, the United States only spent 90 cents on social services per dollar of health spending. Other rich countries spent around 2 dollars on social services per dollar of health care. Bradley and Taylor argue that the health of the U.S. population could be improved at a lower cost if less was spent on health care and more on social services. 33 In the neoliberal era, U.S. firms successfully argued that the costs of protective regulation had to be reduced for U.S. business to remain competitive. The result has been a whittling away of the 3 big regulatory agencies in the United States-the Occupational Safety and Health Administration (OSHA), Environmental Protection Agency (EPA), and Food and Drug Administration (FDA). Between 1981 and 1984, the budgets of regulatory agencies in the United States fell by 11% overall. 34 To take OSHA as 1 example of the 3, the organization was transformed from making a genuine effort to regulate hazardous workplace chemicals under Eula Bingham in the late 1970s to being a ''ghost'' of an agency. 35(p386) Due to its limited staffing levels, state-run OSHA enforcement could, on average, only inspect each workplace once every 55 years. The average federal fine for a serious violation in 1995 was $763, and the maximum fine was only around $7,000. 36 The Department of Labor under President George W. Bush changed the way toxins were measured in the workplace, making it more difficult for OSHA to find them harmful to workers. 37 A court challenge from industry forced OSHA to scrap a 1979 ruling that set the standard for benzene, a known carcinogen, at 1 part per million (ppm), rolling it back to 10 ppm. This was despite 1989 and 2005 studies that found that Chinese workers exposed to benzene were statistically more likely to develop bone marrow cancers, lung cancer, and leukemia, even for those with exposure levels between 6 to 10 ppm. 35(pp384-386) The distributional impacts of these regulatory changes are fairly clear. They reduce the compliance costs of firms, while the burden of increased exposure falls on workers. Further, workers with less power in the labor market will find themselves exposed to hazardous or dangerous work conditions and less able to have them remediated in their individual or collective negotiations with their employers.
Evidence suggests that the relatively neoliberal United States not only fares worse than other countries when it comes to health, but that during its more neoliberal period it has fallen further behind and health inequalities within the United States have become more pronounced. Turning first to growing inequality within the United States, one study created a county-level, ''deprivation index'' consisting of 11 indicators based on education, occupation, wealth, income distribution, unemployment, poverty, and housing. It found that, between the early 1980s and 2000s, there was a larger difference in the index between the most and least deprived countries. Although infant mortality has fallen in the United States during this period, the gap between most and least deprived has grown. The infant mortality rate of the most deprived group was 1.43 times the least deprived in 1980, but by 2000 it had increased to 1.63 times. Life expectancy at birth in 1980-1982 for the least-deprived group was 2.8 years longer than for the most-deprived group, but by 1998-2000 it had increased to 4.5 years (79.2 to 74.7 years). Importantly, the authors of the study explicitly connect the neoliberal contraction of protective public spending at the local level to the growing gap in deprivation levels: ''County-level deprivation levels are strongly associated with lower local government spending on a variety of infrastructural resources (such as public safety, fire protection, social and welfare services, education, affordable housing, and employment).'' 38 This widening health gap did not end in the early 2000s. Between 2001 and 2014, the life expectancy for those in the top 5% of income earners increased by 2.34 years for men and 2.91 years for women. By contrast, life expectancy in the bottom 5% remained virtually unchanged, only increasing by 0.32 years for men and 0.04 years for women. 39 The health gap between income groups is also higher in the United States than in other nations. 40 A considerable stir was caused when life expectancy actually fell in the United States between 2014 and 2015. Also in stark contrast to both historical and international trends, mortality (deaths per 1,000) and morbidity (incidence of disease) rates of white, non-Hispanic, U.S. adults between 45 and 55 increased by a half a percent a year between 1998 and 2013. This increase was particular to both this ethnicity and age demographic. Older white, non-Hispanics and Hispanic whites between 45 and 55 had declines in mortality consistent with historical and international trends. If the mortality rate had declined at its historical rate from 1979 to 1998 of 1.8% per year, rather than increasing, 488,500 deaths would have been avoided between 1999 and 2013. 41 In terms of health, the United States lags behind other wealthy nations that have less of a neoliberal policy environment. Although this is a longstanding deficit, it has been growing worse during the neoliberal period. Life expectancy increased in the United States between 1980 and 2006, but it did so more slowly than in almost every other high-income country. 42(p22) In comparison with 21 other high-income countries, the life expectancy at birth for U.S. males ranked fourth from the bottom in 1980 but fell to the very last by 2007. For women, the United States ranked around the middle of the 21 nations in 1980 but fell to the bottom by 2006. This result holds even after the higher U.S. infant mortality rate is taken into account. For example, between 1980 and 2007, life expectancy at age 50 (the age you are expected to live once you reach age 50) increased by 2.5 years in the United States but by an average of 3.9 years in 9 other high income countries. Over-50 life expectancy in Japan increased by 6.4 years during this period. In 1980 over-50 life expectancy in the United States ranked around the middle of the rich country ranking, but by 2007 it had dropped into the bottom 20%.
42(pp36-38), 43 Hollander and Gutwell have referred to the changed conditions facing the poorer members of U.S. society as a traumatogenic (capable of producing a wound or injury) environment. 44 Further, even when some of these policies (like decreased environmental protection) may impact all of society, some groups, due to their structural location, are more insulated from the impact of traumatogenic change because they have important cushioning resources, which insulate them or provide effective means to deal with the trauma. Other groups, lacking these resources, will remain exposed. 45 Under the neoliberal regime in the United States in place since 1980, wages for most of the population have stagnated or declined, social safety nets have become less secure, and government oversight of environmental dangers have ebbed.
Genetics, Mutagens, and Epigenetics
The previous section documented how the current neoliberal political economy in the United States compromised the health of many of its citizens. Growing evidence suggests that these negative health outcomes may not only manifest themselves in the current generation exposed to these conditions but might persist transgenerationally in 2 ways: epigenetic mechanisms and mutations. Epigenetics is the study of changes in gene expression that occur without any changes to the gene sequence itself, which can play a role in disease. The epigenetic effect might be thought of as a dimmer switch capable of turning a gene on and off or brightening or dimming its impact. Epigenetic effects, along with their interaction with other factors such as lifestyle choices, may form part of the explanation as to why identical twins with the same genes (identical DNA) display different health outcomes. Epigenetics may hold substantial potential for developing biological markers to predict which exposures would put exposed subjects at risk and which individuals will be more susceptible to develop disease. Epigenetic research is also about discovering which environmental factors cause epigenetic modification. For example, it has been demonstrated that some chemicals can alter epigenetic marks and that the same or similar epigenetic alterations can be found in patients with the disease of concern and/or in diseased tissues. 46 It is well established that the negative effect of childhood exposures to adverse conditions can persist into adult life. Epigenetics change is one possible process through which this occurs. Moshe Szyf and Michael Meaney, of McGill University, discovered that during periods of stress, the offspring of non-nurturing rat mothers show greater increases in blood pressure and stress hormone production than the babies of nurturing mothers. To rule out a genetic cause, nurturing mothers were given the babies of the less nurturing and vice versa. The offspring of nurturing rat mothers under the care of non-nurturing rat mothers showed greater increases in blood pressure and stress hormone production than the offspring of non-nurturing rat mothers under the care of nurturing rat mothers. Szyf and Meaney believe that experience itself changes the epigenome. According to the authors, the genomes were fixed. Therefore, genetic differences would be negligible in this study. They found that less nurtured rats had epigenetic marks silencing a gene that lowers the level of stress in the blood. They then injected the anxious rats with a drug that removed those epigenetic marks, and the rats reacted to stress like normally reared rats. 47 In an interview, Meaney suggested that human upbringing may produce the same effects: ''If you grow up in a family that involves abuse, neglect, harsh and inconsistent discipline, then you are statistically more likely to develop depression, anxiety, drug abuse. And I don't think that surprises anyone. But what is interesting is that you are also more likely to develop diabetes, heart disease, and obesity. And the stress hormones actively promote the development of these individual diseases.'' 48 A strong relationship between exposure to abuse during childhood ''and multiple risk factors for several of the leading causes of death in adults'' has long been established in the research literature. 49 A subset of epigenetics is the study of heritable changes in gene expression through non-mutational changes in the DNA, which has discovered evidence that the environment can have a transgenerational effect. The precise biological pathways through which this occurs have not yet been conclusively demonstrated, but evidence through epidemiological and animal testing suggests that it exists. 50 At Washington State University, Michael Skinner's research team exposed rats to chemicals, including substances that lead to diseases in the prostate, kidney, ovaries, and immune system. These diseases also showed up in the fourth-and fifth-generation offspring of mothers exposed to a chemical. 51 The phenomenon was so unexpected that it has given rise to a new field, named transgenerational epigenetics, or the study of inherited changes that cannot be explained by traditional genetics. 52 If this is the case, past and future generations might be linked in ways no one had imagined. For example, a famine in one generation might affect descendants a century later, even if they had never experienced a famine themselves. 53 In one example of this type of research, the Nazi fuel and food blockade that created the Dutch Winter Hunger from November 1944 until the spring of 1945 made possible a stark natural experiment. The desperate conditions that resulted from the blockade killed some 22,000, and the surviving population experienced conditions of severe malnutrition. The Dutch penchant for medical records made possible transgenerational studies of the malnourished survivors, providing compelling evidence for the long-term effects of the fetal environment on our health. The result of these Dutch studies suggests that those prenatally exposed to the Dutch famine were more prone to a variety of psychological and physical issues, including schizophrenia, depression, high blood pressure, coronary heart disease, and type II diabetes, although the specific condition depended on the trimester of the mother's malnourishment. This is evidence that a triggering event continues to have consequences long after the trigger itself has disappeared. ''Their DNA didn't change (mutate), and yet their life histories altered irrevocably in response to their environments.'' 54 Evidence of the transgenerational impact comes from the descendants of the Dutch Winter Hunger. Higher rates of obesity and heart disease were not only found in the children of famine survivors but also in the grandchildren of the malnourished women. The starvation conditions had left some heritable factor that was passed down 2 generations. 55 More recently, a review article by Bohacek et al. compiled evidence that suggests a variety of negative environmental conditions, from parental behaviors like low self-esteem or stress to toxic chemicals, can affect the way that genes translate into mental health not only for those exposed but for subsequent generations. 56 Another study found that the trauma of Holocaust survivors was passed down to their children, who had increased incidence of stress disorders. The authors claim that the parental trauma prior to having children was associated with epigenetic changes in both those who experienced the trauma and their children, who did not, showing that psychological trauma can be passed down between generations. 57 If this is the case, it follows that problematic economic or environmental exposure might have a detrimental epigenetic impact on traits and abilities down through several generations.
Mutagens are compounds with the potential to change the DNA sequence within cells of a living organism. Mutation is a major source of variation in organisms and is important in evolution. A well-established area of interplay is between environmental exposures and the genome, for example, DNA mutations induced by radiation. Examples of substances known to cause mutations include PAHs, aromatic amines, and benzene. In environmental health, the recognition that exposures could produce DNA mutations represented a major landmark for risk assessment and prevention. 58 Consequently, genotoxic agents have been categorized according to their capability to alter DNA sequence and thus possibly cause disease. 59 Exposures to environmental conditions that adversely affect health can be transmitted through multiple generations, even if those future generations have not been subject to those conditions. This has the potential to perpetuate and even exacerbate existing disparities through 3 effects. First, if, for example, the poor are exposed to environments with more mutagens present, their offspring are more likely to inherit detrimental mutations relative to the rich. Second, epigenomes do not necessarily affect human genetic evolution but do affect gene expression and can be transgenerational. This effect is subject to beneficial or detrimental environmental influences, which are often related to socioeconomic position. Third, epigenetics may change mutation frequencies. On the theoretical front, epigenetic modifications can cause DNA to be more or less accessible to mutagens and DNA repair enzymes, meaning that differing epigenetic states will result in different mutation rates of the underlying DNA sequence. 60 If certain environments affecting different social classes cause humans to have differently accessible areas of DNA, this could affect the mutation rate in those regions of the genome in different groups of people. In other words, epigenetic states affect mutation rates. This could cause people to diverge genetically over time if those groups are also more likely to reproduce with each other while continuing to live in similar conditions and therefore maintain the epigenomic states throughout future generations. Mutations will be transferred indefinitely to future generations while epigenetic modifications may only last a few. Both mutations and epigenetic changes point to the importance of environmental influences on human health. Further, they both suggest that these effects can be particularly long-lived, even being passed down to subsequent generations unexposed to these detrimental environmental conditions. Given the pernicious and possibly transgenerational impacts of the current U.S. political economy, the question is how we, as a society, choose to address this situation.
Remedies: A Political Economy Critique of Medical and Lifestyle Approaches
A focus on the political economy origins of the social factors that contribute to poor health among large sections of the U.S. population can also reveal the important limits to the medical and lifestyle approaches to addressing the transgenerational nature of health impacts.
The medical approach of conceiving of human health and disease in wholly molecular or genetic terms detracts attention from our shared social and physical environments. It also abstracts from the economic and environmental context in which the war on disease takes place. For example, if toxins are environmental factors that create poor health outcomes, the medical approach often fails to inquire about why these toxins were created and why they continue to be produced. The same questions could be asked of the health implications of our food production systems, poverty, and the lack of access to health care among other factors that influence health.
Medical interventions (e.g., a drug that might turn on and off offending or protective genes) might be seen as a complement rather than a substitute for correcting for the environmental conditions that give rise to transgenerational disease. For example, epigenetic work raises implications for monitoring the environment, for determining the safety of certain chemicals, perhaps even for establishing liability in legal cases involving health risks of chemical exposure. Unfortunately, they are often not complements, in part because medical research takes place in a particular political economy context. According to Skinner, ''you have moneyed interests refusing to accept data that might force stronger regulations of their most profitable chemicals.'' 52 This influence is already widely acknowledged as a problem in other fields. In epidemiology, for example, industry has funded scientists to attack as ''junk science'' legitimate research that found harmful effects in chemicals and side effects of medicines. Often these researchers have not disclosed that they have received industry funding. 61 A second possible solution to negative transgenerational health impacts is to educate individuals about the long-lasting effects of their lifestyle choices in an effort to change their detrimental behaviors. According to Marcus Pembrey of the University College London, ''It may get to a point where they realize that you live your life as a sort of guardian of your genome. It seems to me you've got to be careful of it because it's not just you. You can't be selfish because you can't say, ''Well I'll smoke,'' or ''I'll do whatever it is because I'm prepared to die early.'' You're also looking after it for your children and grandchildren. It is changing the way we think about inheritance forever.'' 48 The lifestyle approach's emphasis on individual decisions overlooks the political and economic context in which people make their choices. First, people often lack information about the health impacts of the goods they consume or jobs they take. For example, the industrial approach to agriculture has transformed meat, eggs, and vegetable oils into a high proportion mixture of saturated fat and cholesterol, precisely the type of fats to be avoided at all costs in an anticoronary diet. 62 The U.S. President's Cancer Council states that little is known about the health impacts of almost all of the 80,000 chemicals in use in America and that exposure to potential environmental carcinogens is widespread. 63 Further, firms have successfully lobbied to prevent labeling initiatives that would divulge information (such as GMO labels) and actively fund research that demonstrates the benefits of their products or challenges studies that claim their products are harmful. 64 Finally, lifestyle choices take place under the broader context of the billions of dollars spent annually on marketing, which influences consumer behavior in a manner desired by firms. 65 A second constraint on lifestyle choices is people's position in society. For example, what are usually considered to be healthy decisions, such as not smoking or eating a better diet, are sharply graded by socioeconomic status. Socioeconomic status has been found to have a causal influence on diet quality, with one study arguing that ''marketing incentives to consume large quantities of low-cost energy-dense foods may be particularly damaging to the health of lower socioeconomic status groups, for whom such foods represent a source of affordable calories.'' 66 The social constraints on individual decisions are recognized in the capabilities approach of Sen and Nussbaum, which argues that any social arrangements' contribution to development should be evaluated for the extent to which they expand people's freedom to realize the things that they value. Importantly, low income and lack of access to health improving resources are 2 of the most important of these constraints. 67 Obviously, these different approaches are not completely exclusive. Genetics, medical intervention, behaviors, and political economic conditions most certainly all play a role in health outcomes. While both the medical and lifestyle approaches have merit, this article argues that they have important shortcomings that can only be addressed by including the effect of the political economic environment on people's health. This consideration becomes all the more important with the discovery of the transgenerational effects of environmental factors.
Discussion: Neoliberalism and Human Evolution
Maurizio Meloni argued that by ''blurring the lines between body and society'' epigenetics would destroy any clear division ''between natural and social inequalities in theories of justice and their possible implications for public policy and public health.'' 68 In this section we attempt to lay out some of the possible ways in which economic policy must be reconsidered in light of the increasing acknowledgement of the role of social inequalities on the health of future generations.
The current neoliberal package of economic policies in place, most strongly in the United States but also present in other nations, has increased the likelihood that those at the top end of the income spectrum will be exposed to more healthy environments while the rest of the population face relatively adverse conditions. The fact that health advantages or disadvantages can persist through generations has important implications for how we think about economic policy.
One of the hallmarks of neoliberal policy has been the decreasing role of protective legislation, such as the oversight of chemicals and other environmental hazards. One of the tools used to prevent this type of regulation has been the requirement that legislation pass a cost-benefit test administered by the Office of Information and Regulatory Affairs (OIRA), created during the Reagan administration. This seemingly reasonable hurdle suggests that regulations should only be implemented when the benefits of the regulation in terms of improving health exceed the costs in terms of lost jobs and increased prices. However, given the inherent uncertainties in this process, which include determining the impacts of substances on health, applying dollar figures to those impacts, and estimating income losses from the regulation, the results can be, and have been, easily manipulated to ensure that few regulations pass this test. For example, recently, under pressure from the cigarette lobby, the decreased pleasure that smokers would experience from not smoking was counted as a cost of cigarette regulation. 69 The transgenerational impact of negative environmental exposures has important implications for cost-benefit analysis. Most obviously, it suggests that the costs of a substance with adverse health impacts should not only include its impact on this one generation and the fact that many substances persist in the environment through time, but also the fact that the negative effects from exposure will persist through subsequent generations. Even if the convention of discounting (which has its critics because of its implication that the future is worth less than the present) 70 was used, which would decrease the value of these future costs, acknowledging the transgenerational impacts would add a thus-far uncounted cost from exposure to negative environmental conditions. Providing conclusive proof of the specific epigenetic modifying substance or mutagen that is impacting future generations and the precise manner in which this impact will manifest itself is the goal of researchers in fields such as transgenerational epigenetics. Although this research is new, the interactions between the environment and health are complex, and industry will strive to cast doubt on studies it finds problematic, an acknowledgement of the transgenerational impact creates an additional cost that needs to be acknowledged on the benefits side of the regulation ledger. Even further, it might be argued that the uncertainty inherent in this kind of calculation may destroy the illusion of rigor that currently exists for cost-benefit analysis.
Rather than forcing regulation to pass a cost-benefit analysis test (at least as it is currently practiced by OIRA), which places a strong onus of proof on the regulating body, the precautionary principle should be applied to substances, as has been done under the E.U. Registration, Evaluation, and Authorization of Chemicals (REACH) program, enacted in 2007. Under REACH, all substances sold in Europe have to be registered, which requires increasingly stringent toxicity testing with the quantity of the product sold. For those chemicals that cause cancer, birth defects, or genetic mutations or are persistent or bioaccumulative in the environment, the burden of proof is also shifted to firms. These chemicals will be given a ''sunset date'' beyond which they cannot be sold in Europe unless they receive government authorization. 71 More generally, the transgenerational effect of exposure to differing environments has implications for the much-cherished connection between income and merit. The idea that the rewards of income are in some way tied to people's contributions to society form an important part of the justification for inequality. As Harvard professor and author of the bestselling introductory economics textbook Greg Mankiw claimed, ''the most natural explanation of high CEO pay is that the value of a good CEO is extraordinarily high. '' 72(p31) This is also one of the most frequently cited reasons for the neoliberal policy of limiting taxation on the rich. High tax rates on high incomes penalize those who have worked hard to innovate and invest-activities that benefit the economy as a whole.
This justification is already on shaky ground due to the very uncertain connection between income and merit. Thomas Piketty's bestseller Capital in the Twenty-First Century argued that very high incomes (the growth which we have shown is responsible for the dramatic increase in inequality in the neoliberal period) are more a result of the providence of inheritance, exploitation of employees, and a permissive economic policy environment than genuine contributions to societal well-being.
The discovery of the transgenerational impacts of environmental conditions implies that the advantages conferred on the rich by neoliberal policies, from reduced tax rates on high incomes to labor market rules that favor employers over employees, will not merely last through the current generation. It is not only the already well-documented channels through which privilege is passed on, such as inheritance, access to the best schools, and social capital, but also an inherited health advantage, creating a very indistinct line between merit and the inherited advantage of past economic policies.
The flip side of the inherited health advantages of the rich is the lack of opportunity for the rest of the population. Low incomes are often seen as being more acceptable if they stem from equality of opportunity, in which case people's economic condition is more due to their own efforts than disadvantages passed down from the previous generation. If becoming rich is as possible for the poor as it is for the already wealthy, then what economists Benabou and Ok termed the ''prospect of upward mobility'' creates a meritbased justification for low income and limits the demand for redistributive policies. 73 However, more equal nations have greater equality of opportunity than unequal nations. The ''generational earnings elasticity'' (the extent of the connection between a person's earnings and his or her parents') is higher in unequal nations (like the United States) than those that are more equal (Norway, for example). 74(pp81-82) Having said this, policies like a strong universal public education system (especially one targeted at early childhood, primary, and secondary education), universal health provision, and parental leave help increase intergenerational mobility since they help the poor, who cannot as easily afford to access these services through the market. 74(pp95-97) All of these policies are less present in the United States than they are in most other wealthy nations, and in the neoliberal era they have been compromised even further. In fact, as Richard Wilkinson, a British professor of social epidemiology, stated on PBS NewsHour, ''if you want to live the American dream, you should move to Finland or Denmark, which have much higher social mobility.'' 75 The research on the transgenerational effects of environmental exposures adds another crucial channel that inhibits social mobility. In fact, it creates a situation in which some of the benefits or disadvantages of the parents are passed down, not through bequeathed income, but through epigenetic or mutagenic inheritance. This calls into question the manner in which many economists think about inherited traits. Often, these are seen as being ''acceptable'' causes of income inequality even if they are not, strictly speaking, the result of effort or skill on the part of the individual. Or, at the very least, they are considered beyond the scope of public policy to correct for. For example, Mankiw claims that since many positive personality traits, such as IQ and self-control, are inheritable through genes, ''that it is implausible to interpret generational persistence in income as simply a failure of society to provide equal opportunities.'' 72(p25) However, the connection between personality traits of this type and genetic inheritance has been called into question by epidemiological research that suggests that the environment in which children are raised is a much more plausible explanation than genetic difference. 76 Further, new research about transgenerational impacts suggests that even the manner in which we think about inherited traits needs to be changed. They are not something ''granted from God'' or a fortunate genetic make-up but may be the result of the presence or absence of exposures in previous generations-exposure that in many cases is directly related to economic policies. The neoliberal policies in place since 1980, which have contributed to inequality and compromised the policies that reduce the harmful impacts of inequality, may well be contributing to inequality for generations to come. To put this even more strongly, if these policies continue, they may be capable of changing the nature of human evolution, locking in the advantages of the privileged and the disadvantages of the poor.
Conclusion
Societies in which humans have evolved into distinct groups based on economic status have long been a staple of science fiction, from Brave New World to Elysium. H. G. Wells's The Time Machine takes this a step further, envisioning a world in which humans evolved into different species: an upper class that are passive, lazy, and simple-minded, called the Eloi, and the industrious, amoral Morlocks, who are subterranean descendants of the working class. The Morlocks provide for the Eloi's comfortable existence in order to eat them. As in The Time Machine, there is a growing gap between what economist Paul Krugman described as a ruling oligarchy in the United States and the rest of the population. 77 Unlike The Time Machine, it would appear that the rich in the United States have positioned themselves to pass on their advantages for generations to come at the expense of the majority of the population. In a stark example of this trend, the U.S. House of Representatives recently voted to repeal the estate (inheritance) tax. Wells may not have predicted the precise biological pathways outlined in this article, but his vision of a future in which the gap between socioeconomic groups has become so profound that it is reflected in their biology should serve as a cautionary tale:
''At first, proceeding from the problems of our own age, it seemed clear as daylight to me that the gradual widening of the present merely temporary and social difference between the Capitalist and the Laborer, was the key to the whole position. . .. I saw a real aristocracy, armed with a perfected science and working to a logical conclusion the industrial system of today. Its triumph had not been simply a triumph over Nature, but a triumph over Nature and the fellow-man.'' 78 
